As early as in 1915, von Mon a k o w1" reported that only about two-thirds of the pyramidal tract fibers originated from the motor area in monkey, cat and dog. Mink o wsk i") in 1924 and E con om o and K o s k i n a s" in 1925 also admitted that the pyramidal tract fibers originated not only from the motor cortex but also from other parts of the cerebral cortex in monkey.
It was in 1930's that the pyramidal tract began to draw much attention of the morphologists such as Hag g q v is t4) as well as of the physiologists such as K e n n a r d and F u 1 t o n7). In 1941, La s s e k9 counted the total number of the so-called Betz cells in the unilateral motor cortex and that of the axis cylinders in the unilateral medullary pyramid of Macaca mulatta and reported 18,845 and 554,000, respectively.
He also performed the same study on Ateleus ater, and found 10,165 Betz cells in the unilateral motor cortex and about 505,000 pyramidal axons, concluding that the Betz cells of area 4 may contribute but a small fraction of the fibers present in the pyramid of monkey.'" For the morphological investigation of the origin of the pyramidal tract fibers, study of the corticospinal tract of an animal following cortical ablation seems to be one of the best methods, and actually according to the literature24,1012)13)15)22) this method has been applied most frequently in the past. The details of this technic are variable in each author, depending upon the distribution of the lesion, the method of ablation, the depth of the lesion, the duration from the surgical ablation to the sacrifice of the animal, the staining method of the pyramidal tract and the way of judgement of the pathological changes in the pyramidal nerve fibers.
Complete fiber-analytical study, however, has not been applied to this kind of experiment.
227
Moreover, these morphological reports rarely refer to the clinical manifestation of the animals in details. The purpose of the present investigation is to make a fiber-analytical study on the pyramidal tract in two monkeys following motor cortex ablation and also to pay special attention to the relationship, between the clinical signs, namely spastic hemiparesis and the degeneration of the pyramidal fibers. In this paper the author denotes a group of nerve fibers passing through the medullary pyramids as " pyramidal tract ".
Materials
Two monkeys were used for the present experiment, monkey No. 1 ; Macaca irus (crab-eating monkey) and monkey No. 2 ; Macaca cyclopis (Formosan monkey).
Both of them were female of about 4 years of age, each weighing about 6 kg. They were apparently in good health and the voluntary as well as passive movements of their extremities appeared normal before the experiment.
Method
Motor cortex ablation : The animal was placed in a chair which was specially devised to prevent the animal from scratching her wound.
The general anesthesia was induced by intratracheal nitrous oxide and the free bone-flap craniotomy was made on the unilateral fronto-parietal region. The dura mater was opened and the central sulcus was identified after Kappers' cortical map." The possible precentral gyrus and the adjacent areas were stimulated with repeated electrical stimuli of 1 msec., 60 cycles per second and 20 to 30 volt. The precentral area of which the above electrical stimulation gave rise to an apparent movement of the relevant limbs was considered to be area 4, and the area which lay anterior to the area 4 and needed higher voltage for the response movement of the limbs was estimated to be a part of area 6. The identified motor area was ablated by suction as completely as possible, so that the whole extent of area 4 and also at least some proportion of area 6 could be ablated.
The lesion was estimated to be about 3 mm in depth.
The dura mater was closed with suture, being covered with fascia, and the scalp was closed primarily.
The animal was kept in the chair under observation for the postoperative 10 days, during which period she was fed orally. After the initial 10 days, the animal was released in a cage and observed for 240 and 100 days, respectively. At the worst of hemiparesis in each animal, H-waves and M-waves were recorded from the gastrocnemius muscles with surface electrodes by electrical stimulation of the posterior tibial nerves with needle electrode, and H/M ratios were obtained relating to the amplitude for the comparison of the both sides. Preparation for the microscopic examination :21) The animal was anesthetized by intraperitoneal pentobarbital injection. The anterior thoracic wall was removed and the aorta was cannulated through the left ventricle. About 2,000 ml. of 1.5 times concentrated Orth's solution was infused and the central nervous system was obtained with particular caution to avoid a mechanical damage. The medulla oblongata at the level of inferior olive, spinal cords at C 2-3, Th 6-7 and L 4-5 levels were resected and fixed in the Orth's solution for 2 days, and then in Mither's solution for the following 7 days. Frozen cross sections of about 10 micron (p) thickness were made, stained with Kultschitzky's hematoxylin solution, and mounted in gelatinadded glycerin. The object glass used was scaled with cross stripes 100 p apart.
The motor cortex was embedded in paraffin, sectioned coronally and stained with hematoxylin-eosin.
Fiber analysis : Several areas, each 100 p square (0.01 mm2), were selected in the pyramid or in the corticospinal tract of the spinal cord, and the diameters of all the myelinated nerve fibers in the areas were measured with ocular micrometer under the oil-immersion microscope at the magnification of 1,000 times. The total number of the myelinated fibers per unit area (0.01 mm2) was calculated for each tract, and the fiber distribution histogram was obtained, so that the figures in the histogram indicate the number of the fibers of various diameters per unit area. Finally, the histogram of the affected tract was compared with that of the non-affected side.
Results
Clinical observation By the cortical ablation, hemiplegia developed immediately following the surgery in both monkeys. The extremities of the affected side were completely paralyzed in the initial 5 to 7 days' period, and then gradually resumed their voluntary movements in both monkeys as in Figs. 1 The fiber distribution of the affected side reveals the relatively greater loss of the large fiber group with the diameter larger than 6p in comparison with the small one (P<0.02). The spinal cord showed the same tendency, but to lesser degree.
Discussion
Two monkeys, which underwent the unilateral motor cortex ablation in the present investigation, presented marked hemiplegia combined with increased muscle tone, increased muscle stretch reflex and increased 11/M ratio in the affected extremities . In spite of the absence of forced grasping, fanning sign and Rossolimo's sign in the present monkeys, other clinical manifestations were quite similar to the state of experimental hemiplegia which Kennard and F u l to n" introduced in their chimpanzees in 1933 and Welch and K e n n a r d2" in monkeys in 1944 by the unilateral lesion of areas 4 and 6. The area 6 in the monkey is considered to correspond with Fulto n's premotor area" or partially Wool se y's supplementary motor cortex,'4 and this cortical area is now generally accepted as responsible for adding spastic nature to the paresis.7'2" Although B u c y2' was against these classifications of the motor cortex and he tried to recognize the neural mechanism as a single mechanism, the so-called " area 6 " or " premotor area " seems to be still efficient for explaining the pathogenesis of spasticity.
It is known that H reflex is increased in the human spastic leg," but there is a controversy concerning the ratio of maximum H reflex to maximum M response (H/M ratio) in the state of spasticity.")") According to N a gam a t s u,") the 11/111 ratio is markedly increased in spasticity while it remains unchanged in rigidity or normal subjects. In the present experiments it might be worthwhile noting the increase of the HiM ratio in the spastic hindlimb of the monkeys.
The complete fiber-analytical study of the medullary pyramid as well as the corticospinal tract of the spinal cord in the present two monkeys 240 and 100 days after the unilateral motor cortex ablation, respectively, disclosed a relatively greater loss of the large fiber group in the affected side. The result was similar to what H a g g q v is t4) first reported in 1937 by methylblue-eosin stain of the medullary pyramid 2 months after removal of the dorsal half of the areas 4 and 6 in the macaca monkeys. The loss of the large fibers was also noted after confined ablation of area 4 of monkey by H a g g q v is t4) in 1937 and by L a s s e km) in 1942, and further by frontal lobe extirpation of monkey by Lev in and Bra df or d13) in 1938 and by Lasse 102) in 1952, although the method of evaluation varied with each author. Above all, V e r h a a r t20 made a vast majority of observation in human cases as well as monkeys with cerebral hemispheric lesions and advanced the theory that the cerebro-spinal system consists of a group of large fibers together with a small number of smaller fibers originating from the motor cortex and numbers of small fibers from other cortical areas joining this group as it descends on its way to the medulla. The relatively greater loss of the large pyramidal fibers in the present two monkeys could be well explained by this theory.
As noted in Tables 1 and 2 , the discrepancy of degeneration between the large and small fiber groups is more marked in the medullary pyramid and becomes less significant in the spinal cord. Welch and Kennar d,22) in 1944, made an extensive study on the relation of cortical lesion to the pyramidal tract in monkeys and chimpanzees from the clinical as well as pathological standpoint. Although they did not make a comment on the size of the nerve fibers, they found a moderate degeneration of the nerve fibers in the medullary pyramid but a relatively slight loss of active fibers in the spinal cord 3 to 4 months after the lesion of areas 4 and 6. They also made an observation in the hemispherectomized monkey and found complete degeneration only in the medullary pyramid and no complete degeneration in the spinal cord. From these data they postulated the existence within the pyramidal tract " of the cord of extrapyramidal fibers with cells of origin below the cortical level. In the present experiments, it remains to be solved whether the discrepancy between the medulla and spinal cord is due to the admixture of the " extrapyramidal " components in the spinal cord or the duration of the course not long enogh to produce complete degeneration in the lower segments of the spinal cord.
As far as the present series are concerned, the pyramidal tract of the monkeys with spastic hemiparesis shows the degeneration of the large fiber group more than of the small one. When compared to human cases, this state corresponds with the motor neuron diseases, although the pathology is much more marked in the latter.5)19)28) On the other hand, the author reported in the previous paper the tendency for the small fiber group to be degenerated more than the large one in the human hemiparesis due to cerebrovascular capsular lesion in which the paresis was spastic in nature.") Moreover, in the pyramidal tract of the monkeys following confined ablation of area 4, which is considered to produce flaccid paresis according to K e n n a r d and F u 1 t o n,?) there is also the loss of the large fibers.4)") When these facts are taken into consideration, there seems to exist no general rule concerning the relation between " spasticity " and the architectural changes in the " pyramidal tract" fibers.
Summary and Conclusion 1. Unilateral motor cortex, areas 4 and 6, was ablated by suction in two mokeys, which were observed for 240 and 100 days, respectively. Both of them presented with spastic hemiplegia with increased muscle tone, muscle stretch reflex and HAW ratio, but without forced grasping, fanning sign or Rossolimo's sign.
2. Fiber-analytical study on the myelin sheath stained section of the medullary pyramid and the corticospinal tract of the spinal cord disclosed the relatively greater loss of the large fiber group than of the small one in the affected side. 
